Objective: Acromegalic patients have an increased risk of mortality. The objective of this study was to compare the effect of different therapies for acromegaly on mortality. Design and methods: The mortality rate of 438 consecutive acromegalic patients was compared with that of the general population using the standardized mortality ratio (SMR); the effect of different therapies on survival was evaluated using Cox regression analysis. Results: Twenty patients (4.5%) died between 1999 and 2009. Age-and sex-adjusted SMR was 0.70 (95% CI 0.43-1.08). The Cox regression analysis revealed that, in the whole population, both general risk factors (age and physical status) and specific factors for acromegaly (macroadenoma, hypopituitarism and uncontrolled disease) were associated with death. The most compromised patients at diagnosis had a higher mortality rate (PZ0.001), which also occurred in patients with controlled acromegaly. Death occurred in 2.4% (adenomectomy), 2.6% (adenomectomy followed by somatostatin analogue (SSA) therapy) and 11.4% (SSA therapy as the primary therapy) of the patients. The risk of death was higher in patients receiving SSA therapy as the primary therapy (hazard ratio (HR) 5.52, 95% CI 1.06-28.77, PZ0.043) than in all patients submitted to adenomectomy; however, a higher risk of death occurred only in diabetic patients treated with SSAs alone (HR 21.94, 95% CI 1.56-309.04, PZ0.022). Radiotherapy was associated with an increased risk of mortality, which occurred in patients with the more locally advanced disease. Conclusions: Therapies for acromegaly and comorbidities have lowered the risk of mortality to the level of the general population; the effect of SSA therapy alone or that following pituitary adenomectomy was comparable to that of curative neurosurgery on survival in non-diabetic patients; on the contrary, SSA therapy as the primary therapy may be less effective than adenomectomy in reducing mortality rate in diabetic patients.
Introduction
Acromegaly is a rare disease with unrestricted secretion of GH-insulin-like growth factor 1 (IGF1) leading to an increased prevalence of comorbidities, including arterial hypertension, diabetes mellitus, cardiomyopathy, abnormalities of pulmonary function and tumours, which are responsible for a higher mortality rate than that found in the general population (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16) . Older studies have reported a standardized mortality rate (SMR) of up to 3.31, meaning that patients with acromegaly had more than a 300% increased risk of mortality than the general population (6) . Although the SMR decreased from 3.31, for patients studied in the 1960s (6) , to 1.26, for those studied in the 1990s (11) or to 1.16, when older patients were excluded from the analysis (1), global SMR remained higher than that in the general population. Two recent meta-analyses, which analysed studies published from 1970 to 2007 (14, 15) , have reported an overall increased mortality rate of 70%. Thus far, only pituitary adenomectomy alone or combined with external radiotherapy or somatostatin analogue (SSA) therapy has been reported to reduce mortality rate in acromegaly, but a comparison among therapies is lacking (14, 15) .
Studies have reported that the risk of mortality approached that of the general population when disease was controlled or cured (1, 9, 11, 13) ; in contrast, previous external radiotherapy of the pituitary region (11, 16, 17) and hypoadrenalism (16, 17) have been reported to be associated with an increased risk of mortality. Thus far, only specific factors related to acromegaly have been reported to be the predictors of mortality, whereas the impact of common risk factors of death in the general population (i.e. comorbidities) is unknown. When SSAs were employed in the treatment of acromegaly, disease control was achieved, on average, in two-third of the patients, leading to the improvement of several parameters, including cardiac function and vascular abnormalities (2) . However, data detailing the effect of SSA therapy as the primary therapy, which has been proposed as an alternative to pituitary neurosurgery (18) , on the mortality of patients with acromegaly are not available.
The aim of this study was to evaluate SMR and the effect of therapy with SSAs either as first-line therapy or as adjuvant to adenomectomy on the survival of patients with acromegaly in comparison with that of curative pituitary adenomectomy.
Subjects and methods

Study design and patients
We performed a retrospective cohort study, conducted using anonymized patient records, approved by the Internal Review Board at each University. It is the policy at each University Centre to obtain written informed consent for the use of anonymized data for research purpose at the first admission of each patient.
The study population was retrospectively identified and consisted of 438 consecutive patients diagnosed with acromegaly at the Department of Clinical and Experimental Medicine, University of Pisa (nZ218, 137 women, mean age 46.07G12.68 years) or at the Department of Molecular and Clinical Endocrinology and Oncology, University Federico II, Naples (nZ220, 112 women, mean age 43.08G13.35 years), during the period 1966-2009. Detailed information on the clinical and biochemical data of patients, although retrospectively obtained from clinical records, was prospectively collected during the whole follow-up period; in fact, after the first diagnosis of acromegaly, all patients were followed up in the two centres, either as inpatients or as outpatients, on average, every 6 months. Life status on 31st December 2009 was ascertained by a phone interview or the cause of death as reported on the death certificate. In addition, because patients were periodically treated in our centres, the cause of death was also determined by data registered in the clinical record.
The study period encompassed the years 1966-2009, with a mean follow-up period of 11.6G7.9 years (range 0.5-43.0 years). Deaths occurred during the period 1999-2009 and were compared with those of the Italian general population obtained from mortality tables of the ISTAT (National Institute of Statistics) for the corresponding period, 1999-2009 (http://www. istat.it/). The diagnosis of acromegaly was made according to clinical and laboratory features, as reported earlier (19, 20) . The cure of acromegaly after pituitary adenomectomy was defined by suppressed GH values after oral glucose tolerance test (OGTT) and ageadjusted normal IGF1 concentrations; in case of discrepant results, i.e. unsuppressed GH and normal IGF1 values (nZ3), the metabolic status of the patients was re-evaluated after 6 months; if discrepancies persisted, decision was made on the basis of the IGF1 value; a GH value below 1 mg/l during the OGTT was considered suppressed during the period 1997-2009; during the first 1990s, a GH value below 2 mg/l was considered suppressed; during the 1980s, a GH value below 5 mg/l was considered suppressed. Control of acromegaly during medical therapy was defined by normal age-adjusted serum IGF1 concentrations (20) . Delay in the diagnosis of acromegaly was expressed in years, and it represents the time between the onset of symptoms and the diagnosis of acromegaly.
Treatment groups During the study period, available therapies for patients with acromegaly changed. For example, radiotherapy was used in about 30% of the patients during the decade 1970-1979, but only in 2% in the last decade of the study period; during the last two decades, a similar proportion of patients were treated with surgery or primary medical therapy, whereas most patients (45%) were submitted to pituitary adenomectomy in the 1980s. The choice of therapy for acromegaly, for each patient, was based on clinical grounds, available treatments during that period and willingness of the patient and was independent of the purpose of the present study.
Based on the different therapies received over the study period, the patients were divided as follows: i) pituitary adenomectomy (nZ124); ii) pituitary adenomectomy followed by external radiotherapy and/or SSA therapy (nZ151) and iii) primary medical therapy with SSAs (nZ88). The remaining 75 patients received various therapy combinations from among the following: pituitary adenomectomy, dopamine agonists, pegvisomant, SSAs and radiotherapy, and could not be grouped for statistical analysis.
Endocrine evaluation
GH and IGF1 values were available as follows: 95.6 and 91.5% respectively at diagnosis; 97.2 and 98.6% respectively at the last clinical visit; and 93.1 and 90.9% respectively both at diagnosis and at the last clinical visit. The median time of the last clinical visit was 5.9 months. GH concentration and IGF1 index (the ratio of the measured IGF1 concentration to the upper value for the age) at the last clinical visit were considered, as reported previously (11, 13) . The IGF1 index was adopted to account for variations in IGF1 measurements by different methods across the study period. Serum IGF1 concentrations for 198 patients were available at yearly intervals throughout the study period. The mean IGF1 index of the period correlated with that at the last clinical visit (intra-class correlation 0.87, 95% CI 0.83-0.90, PZ0.000), suggesting that the IGF1 index at the last clinical visit is a reliable marker of disease activity.
During the 1980s, GH concentration was measured using the HGHK-2 RIA (Sorin Biomedica, Saluggia, Italy); during the 1990s, it was determined using the HGH kit (Nichols Institute Diagnostic, San Juan Capistrano, CA, USA). During the last 7 years, GH concentration has been measured using an automated Advantage Chemiluminescent GH Assay (DiaSorin S.p.A., Saluggia, Italy).
Serum IGF1 concentration was measured using an IRMA (Nichols Institute Diagnostic) until 2005 and was then measured using an automated RIA (DIAsource ImmunoAssays S.A., Nivelles, Belgium).
Hypopituitarism was defined by at least one proven pituitary hormone deficit; central hypoadrenalism was identified by a reduced response to the ACTH stimulatory test; central hypothyroidism was defined by serum thyroxine concentrations below the normal range in the presence of normal or low TSH concentrations; central hypogonadism was defined by low testosterone levels and low gonadotrophin concentrations in men, by low gonadotrophin concentrations in the presence of normal prolactin levels in amenorrheic women or by low FSH concentrations in postmenopausal women. Hormone replacement therapy was given as appropriate.
Evaluation of comorbidities and severity of disease
For many years, both the centres had employed a similar protocol to evaluate systemic complications of acromegalic patients (2) . Briefly, all acromegalic patients were examined by complete colonoscopy, colour Doppler echocardiography, measurement of arterial pressure, and measurement of blood cholesterol and glucose concentrations and assessed for respiratory function at diagnosis. These parameters were re-evaluated almost every year, except for colonoscopy, which was repeated every 3-5 years depending on the findings of the first examination.
The definition of comorbidities, at the diagnosis of acromegaly, was based on the criteria of the corresponding period; during the most recent years, arterial hypertension has been defined by the 2007 ESH-ESC guideline criteria (21) , left ventricular (LV) hypertrophy by LV mass exceeding normal values, LV diastolic dysfunction by higher-than-normal E/A or lower-thannormal isovolumetric relaxation time (IVRT), diabetes mellitus and impaired glucose tolerance by the WHO consultation recommendations (22) . The cardiovascular risk at diagnosis and at the last clinical visit was evaluated as reported previously (23) .
When revealed at colonoscopy, colonic lesions were removed; arterial hypertension, diabetes mellitus and common risk factors of cardiac and cerebrovascular disease were treated accordingly; sleep apnoea was treated using a continuous positive air pressure apparatus.
The physical status of each patient was evaluated, at the diagnosis of acromegaly, using the American Society of Anaesthesiologists (ASA) Physical Status scoring system (24): Class 1, normal healthy patient; Class 2, patient with mild systemic disease; Class 3, patient with severe systemic disease; Class 4, patient with severe, life-threatening systemic disease; Class 5, moribund patient and Class 6, declared brain-dead patient. Patients in Classes 1 and 2 were grouped owing to a low mortality risk similar to that in the general population in keeping with previous reports (25) . No Class 5 patients were identified in our patient cohort. Thus, for assessing mortality, three groups (ASA 1-2, ASA 3 and ASA 4) were considered.
Statistical analysis
Data are expressed as meansGS.D. for continuous variables and as a percentage for qualitative variables.
To compare mortality rates during the period 1999-2009 between the patient cohort and the general population, a mortality ratio standardized for sex, age and calendar period (SMR) was calculated as the ratio of observed deaths to the number of expected deaths, based on the person-years follow-up for each sex, age and calendar period group of the patient cohort for the corresponding period. The expected number was estimated by multiplying age-, sex-and calendar period-specific death rates in the general population of Italy by the person-years at risk accumulated within the age-, sex-and calendar period-specific strata corresponding to the patient cohort. An exact 95% CI for SMR was calculated (26) . Standard mortality data for the general Italian population were obtained from the Italian Statistics Institute (ISTAT, http://www.istat.it/).
Comparison of means between the groups was performed using the ANOVA test. If the homogeneity of variances was not met, Welch's ANOVA was performed. Fisher's exact test was used to test the difference between categorical variables.
Cox regression analysis was used to study the determinants of survival present at the time of diagnosis, adjusted for age. We also evaluated serum GH and IGF1 concentrations measured at the last clinical visit, which were analysed as continuous variables. Significant or near-to-significant covariates in the univariate Cox regression analysis were used in a multivariate Cox regression analysis to evaluate their independent predictive value on survival. Treatment effect was evaluated adjusting for covariates giving significant results in the Cox regression analysis. Hazard ratios (HRs) and 95% CI were also computed. For the survival analysis, the whole study period (1966-2009) was considered. The survival time was computed as the time interval between the date of diagnosis and the date of death or 31st December 2009. GH concentration and IGF1 index were considered as continuous variables in the Cox model. The physical status of patients (ASA score) was included in the model as a categorical variable. The concordance between two continuous variables was evaluated by the intra-class correlation. A two-sided P value !0.05 was considered to be statistically significant. SPSS for Windows version 13.0 (SPSS, Inc.) and R package 'survival' version 2.36-14 were used to perform data analysis.
Ethical approval
This was a retrospective cohort study, conducted with anonymized patient records, approved by the Internal Review Board at each University.
Strobe statement
This study was conducted and reported in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) recommendations.
Results
A total of 438 consecutive patients (249 women, 56.8%) were evaluated; the clinical and biochemical findings of the patients are given in Table 1 . At the end of the follow-up period, in 57% patients of the whole group, control of acromegaly was achieved.
Overall mortality and cause of death
Among the 438 patients, 20 (4.5%) died during the period 1999-2009. All-cause mortality rate was not significantly different in the overall group of patients compared with that in the general population. Age-and sex-adjusted SMR was 0.70 (95% CI 0.43-1.08) and mean age at death was 68.8G10.8 years. The age at death of females was 70.7G10.2 years and that of males was 66.1G11.9 years; the SMR of females was 0.88 (95% CI 0.45-1.54) and that of males was 0.53 (95% CI 0.23-1.05). Death was caused by acute myocardial infarction (nZ4) or cerebrovascular disease (nZ5) in nine patients, by malignant tumours (breast, gastric, biliary, hepatic, uterine or unknown origin) in six patients, by intracranial expansion of the pituitary tumour in four patients and by malnourishment in one elderly patient. No patient deaths resulted from colonic carcinoma, respiratory failure or cardiac failure. Three of the four patients with intracranial expansion of the pituitary tumour were treated with transcranial surgery (three operations in two patients and two operations in one patient) followed by external radiation therapy; the remaining patients died during the third operation for bleeding complications.
General risk factors of mortality in the whole population of acromegalic patients
In the univariate Cox regression analysis, after adjustment for age, general risk factors significantly or nearly significantly associated with mortality were age, diabetes mellitus and physical status of the patient (ASA Class) at diagnosis ( Table 2 ).
In the multivariate Cox regression analysis, the strongest determinants of mortality were older age and the general conditions, i.e. the physical status of the patient (ASA Class 3 or 4) at diagnosis ( Table 2) .
On colonoscopy, 53 (12.1%) precancerous lesions and 7 (1.6%) colonic cancers were revealed and successfully removed; no deaths occurred due to colonic cancer. Common risk factors of cardiac or cerebrovascular disease (arterial hypertension, diabetes mellitus and hypercholesterolaemia) were detected, on average, in one-third of the patients and accordingly treated ( Table 1 ). The cardiovascular risk profile did not significantly change at the last clinical visit with respect to the diagnosis of acromegaly (6.2 vs 6.8, PZ0.153).
Risk factors of mortality specific for acromegaly
In the univariate Cox regression analysis, after adjustment for age, pituitary macroadenoma, and hypopituitarism, either high serum GH concentration or IGF1-index at last clinical visit was the predictive factor of mortality specific for acromegaly (Table 2) . Two multivariate models (including either GH concentration or IGF1 index at the last clinical visit) were used; significant or near-to-significant predictors of mortality were IGF1 index, GH concentration, hypopituitarism and macroadenoma ( Table 2 ).
The number of pituitary hormone deficiencies (HR 4.36, 95% CI 1.49-12.77, PZ0.007, for a single deficit or 6.02, 95% CI 1.54-23.62, PZ0.010, for three deficits) and hypogonadism alone (HR 5.61, 95% CI 1.80-17.49, PZ0.003) or associated with hypothyroidism (HR 5.15, 95% CI 1.15-23.12, PZ0.032), but not hypoadrenalism (PZ0.992), were associated with mortality. Among patients with hypopituitarism, ten deaths occurred, seven of which were in patients with diabetes; overall, deaths occurred in 3.6% of the nondiabetic patients and 24.3% among the diabetic patients; in addition, among patients with hypopituitarism, the proportion of macroadenomas did not differ among patients with (82.1%) or without (86.6%) diabetes.
Effect of therapies for acromegaly on survival
Three deaths (2.4%) occurred among patients treated with pituitary adenomectomy; four deaths (2.6%) occurred among patients in whom neurosurgery was followed by SSA therapy; and ten deaths (11.4%) occurred among patients treated primarily with SSAs (Table 3) . Three deaths (4%) occurred in the remaining patients receiving miscellaneous treatments.
Patients treated with SSA therapy as the primary therapy were older and more compromised (as assessed by the ASA score), with higher IGF1 values and slightly longer disease duration at diagnosis (Table 3) . Thirty-six patients had ASA score 4, 15 of whom were treated with pituitary adenomectomy and the remaining 21 with primary medical therapy; death occurred in 13.3 and 33.3% of the patients treated with surgery or SSA therapy respectively; among the 116 patients with ASA score 3, 90 were submitted to surgery and 26 were given SSA therapy; death occurred in 4 and 12% respectively. The risk of death in patients treated with primary SSA therapy was higher than that in all patients treated with pituitary neurosurgery (HR 5.52, 95% CI 1.06-28.77, PZ0.043; Table 4 and Fig. 1 ), notwithstanding appropriate correction for several covariates (age at diagnosis, macroadenoma, hypopituitarism, ASA score, arterial hypertension, diabetes mellitus, and acromegaly activity at the last clinical visit), including those which differed at baseline among the therapeutic groups. More importantly, when patients were stratified by diabetes mellitus, only diabetic patients receiving the primary therapy with SSAs had a high HR of 21.94 (95% CI 1.56-309.04, PZ0.022), whereas non-diabetic patients had a HR of 1.30 (95% CI 0.04-38.09, PZ0.881). GH concentration or IGF1 index did not differ in diabetic (34.7G56.7 mg/l, 2.6G1.3) or 
Discussion
The results of this study showed that i) overall, therapies for acromegaly associated with treatment of its major comorbidities lowered the risk of mortality to the level of the general population and ii) SSA therapy was less effective than pituitary adenomectomy in reducing the risk of death in patients with diabetes mellitus.
The rate and causes of death in this cohort of acromegalic patients did not differ from those in the general population (cardiac or cerebrovascular disease or tumours), consistent with other surveys (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15) . No deaths occurred due to colonic cancer or cardiac failure, probably due to the long-standing surveillance protocol adopted by both centres for several years. However, the study design was not able to clearly assess the role of colonoscopy in the prevention of colonic neoplasms. Although no deaths were due to a pump defect as a consequence of an extreme acromegalic cardiomyopathy, it cannot be excluded that cardiac hypertrophy may have emphasized the myocardial ischaemia, leading to cardiac failure. Overall, data from this study showed that therapies for acromegaly combined with a screening programme aimed at detecting and treating the commonest comorbidities lowered the risk of mortality to the level of the general population.
Age at diagnosis was a strong general risk factor associated with mortality. Deceased patients were older and were more compromised at diagnosis than survivors, in keeping with a large multicentre retrospective study (28) The general conditions of the patients at diagnosis were an important predictor of mortality; in fact, they influenced the outcome, which, in the most compromised patients, was unfavourable despite the control of acromegaly. In fact, in 41% of the deceased patients, acromegaly was controlled. As a matter of fact, among the 20 deceased patients, 12 were categorized as belonging to ASA Class 4; among the latter 12 patients, in 8 (66.6%) patients, control of acromegaly was achieved. However, it should be noted that the ASA system, which we used to score the physical status of the patient, is partly subjective. The results of this study confirmed that uncontrolled acromegaly at the last clinical visit was an important predictor of mortality (14, 15) . Both GH and IGF1 were associated with mortality in the univariate and multivariate analyses. A few reports have found IGF1 to be a predictor of mortality (10, 12, 13) , possibly due to the scanty data available for the analysis in previous studies (1, 14, 15) , at variance with our study, in which information on IGF1 concentration was available for more than 90% of the patients. More importantly, we demonstrated that IGF1 concentration at the last clinical visit reliably reflected the metabolic status of the patient as shown by the strong correlation with mean IGF1 concentration during the entire follow-up period. However, it should be underscored that GH concentration was measured using a competitive RIA in the previous years and using sensitive two-site non-competitive immunoassay methods in the most recent years, thus carrying the risk of a potential bias of detection limit of serum GH concentration. Hypopituitarism was associated with mortality, as reported previously (11, 16, 17) . At variance with other reports (16), however, the extension of hypopituitarism (i.e. single vs total deficit), as an expression of the severity of pituitary damage, was associated with an increased mortality risk.
A relevant observation from our data is that patients treated with SSA therapy had a higher risk of death than those submitted to pituitary adenomectomy; it is worth noting that among patients treated with SSA therapy, only those with concomitant diabetes mellitus carried a significantly higher risk; however, differences between diabetic and non-diabetic patients may be limited by the low number of events. Our data may be limited, at least in part, by the relatively small number of deceased patients and by a selection bias; in fact, a relevant proportion of the most compromised patients, with a longer disease duration, an older age and a higher proportion of diabetes, received SSA therapy as the primary therapy. However, as a matter of fact, among patients with ASA score 4 treated with SSAs, mortality rate was 33.3%, but only 13.3% in patients with ASA score 4 submitted to pituitary adenomectomy. Likewise, among patients with ASA score 3, a higher proportion of deaths occurred in those treated with SSAs (12%) than in those treated with surgery (4%). However, it is worth noting that the group of patients receiving SSA therapy alone had a higher risk of death than the whole group of patients submitted to pituitary adenomectomy, even after correction for several covariates, suggesting that, indeed, SSA therapy may be linked to an increased risk. Many reasons may contribute to explain this observation; patients treated with SSAs alone had higher IGF1 values at the last clinical visit than the others, in keeping with previous reports (29, 30) , suggesting that an incomplete control of acromegaly activity may be detrimental for patients with diabetes mellitus, supporting a triangulation among the effects of SSA therapy, acromegaly and abnormalities of glucose metabolism on mortality.
It is interesting to note that the most compromised patients died irrespective of the achievement of control of disease, suggesting that the increased mortality risk in patients treated with primary SSA therapy is the result of several variables, including physical status, age and comorbidities, in addition to acromegaly activity. This finding underscores the concept that GH or IGF1 concentration (i.e. control of disease) should be considered an index of acromegaly and not a final target; the aims of therapy for acromegaly should be to achieve the disease control stopping the unrestricted effect of GH-IGF1 excess, on the one hand, and to treat comorbidities, on the other hand, which may persist independently of the control of acromegaly and may have a negative prognostic value. In addition, it is noteworthy that circulating IGF1 concentration mainly reflects the hepatic effects of GH and not necessarily gives information on extra-hepatic acromegaly (31); thus, it can be speculated that in the more compromised patients SSA therapy may not allow the achievement of a full control of acromegaly activity in extra-hepatic tissues, perpetuating harmful hyperstimulatory effects. In fact, differences have been reported in controlled patients who had undergone SSA therapy or those who had undergone pituitary surgery (32); notwithstanding similar IGF1 values, patients after surgery had a higher suppression of GH concentration and a better glycaemic profile after undergoing the OGTT than those in whom acromegaly was controlled with SSA therapy (32) .
Although it has been reported that primary therapy with SSAs may ameliorate systemic complications in the short run, potentially affecting the clinical outcome of the patient (2), this is the first study to detail the effect of SSA therapy on mortality.
Radiotherapy was associated with an increased mortality risk, in keeping with other reports (11, 16, 17, 28) . However, among the surgically treated patients, 71% of the deaths occurred among patients who were treated with irradiation because of macroadenoma, having locally more advanced tumour; thus, it is conceivable that the increased mortality risk was due to the underlying disease rather than to radiotherapy, suggesting that radiotherapy is an index of disease severity rather than a risk factor. As a matter of fact, causes of death of irradiated patients did not differ from those of patients who did not receive external radiotherapy, reinforcing the concept that radiotherapy was not associated with a specific cause of death. However, it should be underlined that radiotherapy was performed mainly using enlarged irradiation fields; thus, whether concomitant side effects of radiotherapy may have contributed to mortality cannot be excluded.
The main strengths of this study are that data, retrieved from clinical records, were prospectively collected in two referral centres. Information on general risk factors as well as on other clinical and biochemical findings was available for the large majority of patients.
Limitations are mainly due to the observational nature of the study, as had occurred in other studies on mortality, and the small number of deceased patients. In addition, although comparison among the therapeutic groups was made after correction for several covariates, it cannot be ruled out that other covariates not included in the study, for example, smoking habits and duration of comorbidities, as well therapies for comorbidities, may not have played a role; in addition, even with statistical correction for potential confounders, statistical analysis might not fully remove the effect of these significant confounders on mortality.
These data suggest that the mortality rate of patients with acromegaly could be lowered to the level of the general population through a multidisciplinary approach based on disease control and treatment of comorbidities. Curative pituitary adenomectomy seems to be the most favourable treatment for acromegalic patients.
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